A national US survey collected data on herd milk production and management of Holstein herds.
INTRODUCTION
Epidemiological studies of domestic livestock can be used to examine potential associations between an observed index of health or productivity and various characteristics of management and environment of the livestock ( 15) . These studies help those working with producers to address herd production problems ( 17) . The National Animal Health Monitoring System (NAHMS) was established to address the need for information on health and productivity of herds in the US (14) .
Rolling herd average milk production (RHAMP) can be regarded as one important measure of the performance of a dairy herd. The RHAMP is often considered to be the culmination of a variety of factors, including genetics, nutrition, environment, and management ( 6 ) . For DHIA herds, milk production in the US increased from 4160 to 8178 kg/yr per cow between 1950 and 1990 ( 2 ) . For herds sampled nationally in the NAHMS 1991 to 1992 National Dairy Heifer Evaluation Project ( NDHEP), the mean reported RHAMP was 7576.6 f 43.7 kg (9, 27). The DHIA record-keeping system was used by 57.5 k 1.8% of dairy operations in that study (9, 27) .
Many researchers (2, 4, 12, 19, 20, 25) have evaluated the nutritional, management, and genetic factors that result in high producing dairy herds. Dairy producers and those serving their needs require a better understanding of factors that affect the ability of the manager to optimize production (12) .
The objective of this study was to examine the relationships among a variety of management procedures including dairy heifer management practices and RHAMP. A dairy producer may use this information to evaluate his or her own management practices. Data from the NAHMS national survey of dairy producers in the US formed the basis of the analysis.
MATERIALS AND METHODS
The NDHEP was a yearlong study of the NAHMS conducted by the Animal and Plant Health Inspection Service, Veterinary Services, USDA (9, 27, 28) . Details on the objectives and design of the NDHEP have been published previously ( 9 1.
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tact and administered a questionnaire that collected general inventory and herd management information, including current RHAMP (in pounds per cow) (9) . Operators were asked to report 305-d mature equivalent milk production from DHIA records if available. The NASS interviewer observed and recorded whether RHAMP had been estimated (by the operator) or calculated (from a record-keeping system). To facilitate validation of RHAMP, information was collected from the most recent milk shipment from the operation. The information included the number of days (and partial days) of production included in the shipment, the number of cows that produced the milk, and the quantity of milk shipped.
During a subsequent 3-mo monitoring period, federal and state animal health officials visited a subsample of the dairy operations t o collect more detailed retrospective and prospective data on dairy calf health, nutrition, and herd management ( 9 1.
From the data collected on the most recent milk shipment, an approximate RHAMP was calculated. For dairy operations for which the difference between the reported and calculated rolling herd average exceeded one standard deviation for reported milk production, the data were verified personally by the visiting animal health official. This personal validation process was replicated in all cases in which data were missing or erroneous.
Methods for validating and entering the data into national data files have been described ( 9 ) . The RHAMP was converted from pounds per cow to kilograms per cow by multiplying by 0.4536. Further analyses were restricted to those dairy operations for which the principal breed was Holstein. Sample weights were not used in the analyses.
The TTEST procedure of SAS ( 2 4 ) waa used to compare RHAMP among operations that had calculated RHAMP and operations that had estimated RHAMP.
A number of variables reflective of management practices were selected for examination of their association with RHAMP. Variable selection was based on previous data analyses and on the biological plausibility of the variable being related to milk production. Operations that lacked data for any of the variables under consideration were eliminated from the analysis. All independent variables were categorical.
To compare solutions and evaluate validity of data, stepwise regression was used to build multivariate models twice: once using only dairy operations in which the operator had calculated RHAMP, and once using all reported RHAMP figures whether calculated or estimated ( 2 1).
The GLM procedure of SAS (24 1 was used to perform an analysis of variance of RHAMP as a function of region and herd size (21) . Region and herd size were variables reflective of the study design ( 5 , 9).
As in prior analyses based on these data, four different regions and three different categories for herd size were used (5, 9, 10). States included within each region have been reported previously ( 5 , 9, 10, 17) . The herd size categories were based upon the number of dairy cows reported at the time of the initial farm interview ( 5 ) .
To screen explanatory variables, the GLM procedure was run individually, adding each of the variables that were reflective of management practices to the model, which expressed RHAMP as a function of region and herd size. An explanatory variable with P 5 0.05 was considered to have passed the initial screening. The CORR procedure of SAS ( 2 3 ) was used to compute Spearman rank correlation coefficients for the screened variables ( 11 ) . For those variables that had a Spearman rank correlation coefficient >0.25, the FREQ procedure of SAS ( 2 3 ) was used to examine further the relationship among the variables. For variables that appeared to be too highly related to one another, decisions were made as to which variables to retain for continued consideration in the model (2 1).
The stepwise variable selection method, available through the REG procedure of SAS (24) , was used to select the variables t o be included in the final model (21) . As in previous NDHEP analyses, region and herd size were forced into the model ( 5 , 16) . The probability values for other variables, both entering and remaining in the model, were set at 0.05. The GLM procedure of SAS ( 2 4 ) was then used to obtain the least squares means for the final model (21) .
RESULTS
The RHAMP was recorded for a total of 1691 Holstein dairy operations in the study. When dairy operations that did not have a complete data file for the variables were eliminated, 613 Holstein dairy operations that had calculated RHAMP remained. Among the screened variables, the practice of housing at least some preweaned heifers in a barn during the winter months was positively correlated with housing at least some preweaned heifers in a group pen during the winter or summer months. Because the statistical significance resulting from adding the former variable was higher than that resulting from adding the latter variable to the initial model, the practice of housing at least some preweaned heifers in a group pen during the winter or summer months was removed from further consideration in the model.
The practice of supplementing the diets of heifers with ionophores at some point from birth to first calving was positively correlated with the practice of supplementing the diets with coccidiostats, Se, and vitamins A, D, and E. Of the four variables, supplemental ionophores had the highest statistical significance when added to the initial model. A number of researchers ( 1, 6, 7 ) recommended supplemental dietary ionophores to improve growth and subsequent milk production. Therefore, supplementing diets with coccidiostats, Se, and vitamins A, D, and E were removed from further consideration in the model. Table 2 lists the least squares means for factors associated with RHAMP for Holstein dairy operations for which RHAMP was calculated. The coefficient of multiple determination for this model was 0.4042.
When dairy operations with incomplete data for the variables under consideration were eliminated, 1002 Holstein dairy operations remained that had either calculated or estimated RHAMP. The large majority of dairy operations eliminated from the analysis ( n = 656) did not participate in all phases of the study beyond the initial visit by the NASS enumerator.
For the same reason, this model also eliminated all of the highly correlated screened variables that had been eliminated from the model that was restricted to dairy operations calculating RHAMP. In addition, the practice of routinely injecting heifers with Se and vitamin E at some point from birth to first calving was removed from consideration because of its highly positive correlation with supplemental dietary ionophores.
The least squares means from the final model are presented in Table 3 . The coefficient of multiple determination for the model was 0.4189.
Virtually all of the explanatory variables that had a significant impact on RHAMP for dairy operations that had calculated RHAMP were also significant in the model for the larger data file. One difference was that starter grain was fed to calves from 24 h of age to weaning in the model for the smaller data file, and, for the larger data file, grain or other concentrated feed was offered within the first 6 d of life. Because the mean weaning age was 7.9 It: 0.1 wk (9, 271, the two variables were correlated. However, offering grain or other concentrated feed within the first 6 d of life did not pass the screening process for the smaller data file, and feeding starter grain to calves from 24 h of age to weaning did not pass the screening process for the larger data file.
For two of the explanatory variables with three categories (percentage of the dairy herd that was registered and mean number of days cows were dry during the past 12 mo), some differences occurred in the overlapping of the statistical significance of differences in RHAMP across categories. However, for both cases, dairy operations in which >25% of the herd was registered had significantly higher mean milk production than did dairy operations in which none of the herd was registered. Also, for both cases, operations that reported that the mean number of days dry was 60 to 69 during the previous 12 mo had significantly higher milk production than operations that reported that the mean number of days dry during the previous 12 mo was 270. In addition, two variables that did not become a part of the model for Holstein dairy operations that had calculated RHAMP did enter the model for the larger data file. Dairy operations that reported whole milk fed to calves from 24 h of age to weaning had significantly lower mean milk production than dairy operations that did not feed whole milk to calves from 24 h of age to weaning. Dairy operations that fed milk contaminated with antibiotics to calves from 24 h of age to weaning had a significantly higher mean milk production than dairy operations that did not feed milk containing antibiotics to calves from 24 h of age to weaning. of many previous livestock studies was that operations were not selected to permit estimates and inferences related to larger populations (14) . The NASS list frame, from which a probability sample design was used to select participants for the NDHEP, listed nearly all agricultural producers in the US (9) . An area frame, or census of all producers from randomly selected local land areas in the US, was used to adjust for deficiencies of the NASS list frame ( 9 1. The sample selection method used in the NDHEP created the highest likelihood that virtually every dairy herd in the US had a known probability of being selected ( 9 1.
Because dairy operations with c30 dairy cows were not included in the NDHEP (91, the results do not necessarily apply to dairy operations with c30 dairy cows. Similarly, the results do not necessarily apply to states that were not included in the NDHEP. Also, because the analysis was restricted to Holstein herds, the results do not apply to other dairy breeds. Holsteins produce more milk than other dairy breeds in the US (22) and account for 94.9 It 0.7% of the dairy operations in the US ( 9 ) .
DISCUSSION
The data in this study reflected herds representing 78% of the US dairy cow population ( 9 1. A limitation To afford more precise national estimates for US dairy cattle, the sampling scheme of the NDHEP required that larger dairy operations be sampled at a higher rate than smaller dairy operations (9), which resulted in more large operations being included in the study than if operation size had not been considered (9, 16) . For this and other NDHEP analyses, comparisons were thus facilitated among herd size categories ( 5 , 16). Table I . lists the number of operations reporting RHAMP by herd size and region.
Although the study found statistically significant associations between certain management practices and increased herd mean milk production, those management practices were not necessarily the cause of the increased milk production. Furthermore, although cows that produced more milk might increase gross revenue to the producer, management costs associated with increased milk production need to be accounted for to determine net profitability ( 2 ) .
A possible limitation of the study was that, when a multiple number of statistical comparisons were performed, the probability that the full set of conclusions was correct became less than the desired confidence level if the number of inferences was not taken into account (21) . However, because the purpose of this study was to characterize management practices related to RHAMP rather than to establish conclusive proof of cause and effect relationships, the present confidence level might be acceptable ( 16) . In addition, dairy operations that had given calculated figures for RHAMP were tested separately, and results for those operations were comparable with the results from the general data file. None of the results were contradictory. However, as would be expected from a large data file ( 1 l ) , more significant variables were found in the larger data file. To ensure overall validity, one might choose to accept only those results that were statistically significant for both data files. A potential limitation of this analysis was that a considerable portion of the data was based upon producer estimates. The national mean for RHAMP (reported for the NDHEP) was 7576.6 f 43.7 kg (9, 27). This figure was based on estimated rather than calculated figures for 46.1 f 1.8% of dairy operations (9, 27) . A similar number of dairy operations estimated data for the mean length of the dry period, calving interval, age at first calving, and BW at first calving (9, 27) . For RHAMP, verification was performed using milk shipment receipts and cow numbers (9) . No similar verification was performed for the mean length of the dry period, calving interval, age at first calving, or BW at first calving. The data were verified to be reasonable, but not necessarily precise. When not based on record-keeping sources, data might be more reflective of the perceived goals of the operations than the actual situation in many cases, which could be true for much survey data ( 26 ). The NDHEP was a national study and was not limited to producers who relied on any particular record-keeping system ( 9 ) . The fact that at least a portion of the producers gave information based on record-keeping systems did lend credence to the analysis. In addition, categorizing the responses, as was done in the analysis, might have reduced the potential influence of this bias on the results. Moreover, the validity of results was confirmed by repeating the analysis (once for operations that had calculated RHAMP, and again including operations that had estimated RHAMP) and finding similar solutions.
Advantages to producers of on-farm databases and knowledge-based analysis programs have been documented ( 2 5 ) . Dairy operations that had calculated RHAMP reported significantly higher mean milk production than did producers that had estimated RHAMP. Dairy producers that used DHIA record-keeping systems had significantly higher milk production in both the analysis of operations that had calculated RHAMP and in the analysis of all Holstein operations. Of operations that had calculated RHAMP, 782 (83.5%) used the DHIA system. Nationally, 57.5 f 1.8% of dairy operations made use of the DHIA record-keeping system (9, 27) .
In addition, dairy operations that used a computer for keeping records had significantly higher mean milk production than did dairy operations that did not use a computer. Advances in computerized recordkeeping systems present a new technology to enhance the capability for herd management and decisionmaking ( 2 5 ) . Nationally, 13.7 f 1.1% of dairy operations made use of a computer on the operation, and 11.8 f 1.2% of dairy operations made use of a computer off the operation for record keeping (9, 27) .
Regionally, dairy operations in the West had significantly higher mean milk production than dairy operations in the rest of the country. Herd size also significantly affected milk production. Dairy operations with <lo0 dairy cows had a lower RHAMP than did dairy operations with 2100 dairy cows.
The principal focus of the NDHEP, which collected information on general dairy management, was management of preweaned heifers ( 9 1. Relatively few data were gathered on the management of lactating dairy cows. However, the NDHEP data did facilitate the examination of the impact of management practices related to the care of neonatal calves, preweaned calves, and older heifers on RHAMP. Two variables relating to the care of neonatal calves entered the model: whether or not calves were born in an individual area in a building and whether newborn calves received first colostrum through nursing.
Stress-creating agents often encountered in calf housing environments have an impact on growth, feed efficiency, and incidence of health disorders ( 4 , 16, 18) . Individual calving areas in a building, such as a maternity pen, might reduce stress, improve growth, and, ultimately, enhance eventual milk production.
Operations in which newborn calves received first colostrum from nursing had a significantly lower mean RHAMP than dairy operations that routinely hand-fed colostrum to newborn calves (from a bucket, bottle, or esophageal feeder) as recommended ( 6 1. Nationally, 33.7 f 1.7% of producers reported that calves on their operations typically received first colostrum from nursing (9, 27) .
The nutritional needs of preweaned calves have received much attention in the literature ( 6 ) . In the analysis of operations that had calculated RHAMP, operations that fed starter grain to heifers from 24 h of age to weaning had significantly higher herd milk production than operations that did not feed starter grain to heifers from 24 h of age to weaning. In the analysis of RHAMP for all Holstein herds, operations that offered grain or other concentrated feed to calves within the first 6 d of life had higher mean milk production than operations that did not offer grain or other concentrated feed to calves within the first 6 d of life. The two variables were positively correlated with each other. In addition, in the larger data file, operations that fed whole milk to calves from 24 h of age to weaning had significantly lower milk production than operations that did not feed whole milk to calves from 24 h of age to weaning. Operations that fed milk containing antibiotics to calves from 24 h of age to weaning had significantly higher milk production than operations that did not feed such milk to calves from 24 h of age to weaning.
Dairy operations that routinely supplemented the diets of dairy heifers with ionophores at some point from birth to first calving had significantly higher mean milk production than dairy operations that did not provide supplemental dietary ionophores. The routine ionophore supplementation of heifer diets from birth to first calving was positively correlated with supplemental dietary coccidiostats in feed, a supplemental vitamin A, D, and E premix (either in feed or by injection), and supplemental Se (either in feed or by injection) over the same age interval. Ionophores generally improve the growth and feed efficiency of ruminants ( 1 ) . Dietary coccidiostats are generally recommended from birth through 4 to 6 mo of age (3). Ionophores can be fed to young calves through calving but are generally fed to heifers 6 mo of age and older (6, 7) . The results of the NDHEP revealed that 30.3 f 2.0% of producers fed coccidiostats to preweaned heifers, 23.8 k 1.8% fed coccidiostats from weaning to first breeding, and 7.0 f 1.1% fed coccidiostats from breeding to first calving ( 2 7 ). Nationally, 15.2 & 1.6% of producers fed ionophores from birth to weaning, 35.3 f 2.1% fed ionophores from weaning to first breeding, and 25.4 f 1.9% fed ionophores from first breeding t o calving ( 2 7 ) . Some products share effects of both ionophores and coccidiostats; therefore, a product might have been labeled a coccidiostat although it was used as an ionophore in older cows and vice versa. Supplemental ionophores in the diets of heifers might result in improved growth, which subsequently would result in higher milk production ( 6 ) . Ionophores, coccidiostats, and correlated products (Se and vitamins A, D, and E ) also might be used in better managed herds with higher milk production.
Dairy operations that reported first calvings at a mean of 127 mo of age had significantly higher mean milk production than operations in which first calvings occurred later. In addition, operations for which the mean BW of heifers at first calving was 9345 kg had significantly higher mean milk production than operations in which the mean BW of heifers at first calving was 1545 kg. Operations in which the mean BW of heifers at first calving was 2500 kg had significantly higher mean milk production than operations Dairy operations in which the mean number of days dry for dairy cows was 270 dyr had significantly lower milk production than operations that reported a mean of 60 to 69 d dry&. Keown and Everett ( 13) reported that 51 to 60 d was the optimal dry period for maximized subsequent production. Nationally, mean duration of the dry period was 61.1 f 0.5 dyr (27) .
Operations in which the mean calving interval was <14 mo had significantly higher milk production than did operations that reported a mean calving interval 214 mo. Optimal calving intervals in terms of milk production and profitability have been recommended as 12 to 13 mo and 13.5 mo, respectively (20). Nationally, the NDHEP revealed the mean calving interval t o be 12.8 * 0.0 mo per cow (9, 27).
Genetic differences have been important for milk production (4, 20). Dairy operations in which >25% of the herd was registered had significantly higher mean milk production than operations in which none of the herd was registered. Nationally, 15.8 k 0.8% of dairy cattle were registered (27) . The positive relationship between herd milk production and a higher percentage of registered cattle might be indicative of more conscientious management on these farms and might be partly influenced by genetic differences.
Grade A dairy operations accounted for 90.7 f 1.2% of dairy operations in the US (9, 27) . As would be expected (2 2 ) , Grade A operations had significantly higher RHAMP than other dairy operations did. Closed herds (dairy operations that accepted no new beef or dairy cattle during the previous 12 mol had significantly higher mean RHAMP than dairy operations that had accepted new beef or dairy cattle during the previous 12 mo.
CONCLUSIONS
Holstein dairy operations that calculated RHAMP had a significantly higher mean milk production than operations that estimated RHAMP.
For Holstein dairy operations that calculated RHAMP, milk production was highest in the West. Smaller operations ( < l o 0 dairy cows) had lower production than larger dairy operations. Grade A dairy operations had higher production than other dairy operations. Operations with >25% of the herd registered had higher production than herds with no registered cattle. Dairy operations that reported mean BW 9545 kg at first calving had higher milk production than operations with mean BW 1545 kg at first calving. Operations that reported a mean BW of 500 to 545 kg at' first calving had higher mean milk production than operations that reported a mean BW of 4 0 0 kg. Operations that reported a mean age at first calving of 127 mo had higher mean milk production than operations in which mean age was >27 mo at first calving. Operations with mean calving interval <14 mo had higher milk production than operations with calving interval 214 mo. Dairy operations with 60 to 69 d dryly had higher production than operations with 270 d dryly.
In addition, operations using the following management practices reported significantly higher RHAMP than operations that did not employ these practices: calves born in individual areas in buildings, calves hand-fed first colostrum, starter grain fed to preweaned calves, ionophores fed to heifers from birth to first calving, DHIA record-keeping system used, computerized records, and no new cattle introduced in the previous 12 mo.
All of the variables that proved significant for herds that calculated RHAMP also proved significant in the larger data file that included both calculated and estimated values for RHAMP. In addition, dairy operations that reported feeding whole milk to calves from 24 h of age to weaning had a significantly lower mean milk production than did dairy operations that did not feed whole milk to calves from 24 h of age to weaning. Dairy operations that reported feeding milk containing antibiotics to calves from 24 h of age to weaning had a significantly higher mean milk production than dairy operations that did not feed antibiotic milk to calves from 24 h of age to weaning.
